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FOREWORD 

Volume  2  of  the  Final  Report  on  Contract  F0461I-7I 
C-0012,  j  .joint  effort  of  the  Advanced  Projects 
Department  and  Solid  Rocket  Division  of  Roeketdyne 
A  Division  of  North  American  Rockwell  Corporation, 
was  prepared  by  Solid  Rocket  Division,  McGregor, 
Texas.  Volume  2  documents  a  survey  of  applica¬ 
tions  of  mechanical  suppression  devices  in  solid 
propellant  rockets.  This  document  carries  the  con 
tractor's  library  serial  number  R-H822-2. 

Air  Force  monitor  for  this  effort  is  Capt.  C.  P. 
Wendelken.  Work  under  the  10-month  contract  was 
initiated  7  December  197D- 

Publication  of  this  report,  which  contains  clas¬ 
sified  information  extracted  from  numerous  Govern¬ 
ment  and  industry  releases,  does  not  constitute 
Air  Force  approval  of  the  findings  or  conclusions 
contained  herein.  it  is  published  only  for  the 
exchange  and  stimulation  of  ideas. 
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INTRODUCTION 

(ll)  A  10-month  program  entitled  "Suppression  Devices  for  Solid  Propel¬ 
lant  Rocket  Combustion  Instability"  has  been  performed  by  the  Advanced 
Programs  Department  and  the  Solid  Rocket  Division  of  Rocketdyne  for  the 
Air  Force  Rocket  Propulsion  Laboratory  under  Contract  F(Ri6l  1  -71  -0-0012 . 
To  have  the  benefit  of  experience  at  the  outset  of  this  program  in  the 
application  of  mechanical  suppression  devices  to  solid  rocket  combustion 
i  ns  tabi  1  i  ty,  one  subtask  of  the  contracted  effort  entailed  a  survey  of 
past  application  of  such  devices.  It  was  intended  that,  to  the  degree 
possible,  this  survey  would  provide  a  description  of  the  suppressors 
used,  information  relative  to  their  installation  and  operating  experi¬ 
ence,  and  an  indication  of  their  effectiveness. 

(IJ)  This  report  presents  resul  ts  of  the  survey  undertaken.  The  scojic 
and  sources  of  information  used  and  a  summary  of  the  applications  of  the 
various  types  of  suppression  devices  identified  are  included  >n  subse¬ 
quent  sections. 
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SCOPE  OF  survey 

(ll)  A  comprehens  i  ve  (but.  not  necessarily  complete)  survey  of  application 
of  suppression  devices  in  rocket  motors  has  been  completed.  This  survey 
was  limited  to  mechanical  suppression  devices  that  generally,  for  pur¬ 
poses  of  this  discussion,  may  be  grouped  into  the  categories  of  rods, 
baffles  (including  paddles),  and  acoustic  cavities  (resonant  and  non¬ 
resonant).  The  survey  was  further  restricted  to  relate  only  to  instances 
involving  operational  rocket  motors  or  development  versions  of  such 
motors,  where  the  intention  clearly  was  to  incorporate  a  suppression 
device  ultimately  into  the  motor  design. 

(ij)  The  principal  sources  of  information  for  this  survey  were  t.he  "TI’IA 
Motor  Manual"  (lief.  1 )  * ,  technical  reports  (both  Government  and  contrac¬ 
tor),  and  discussions  with  selected  individuals.  The  earlier  reviews  by 
Price  ( Re  f  .  2 ,  3 ,  V*)  pe  r  ta  ining  to  occurrence  of  combustion  insta¬ 
bility  during  rocket,  motor  development  programs  were  especially  helpful. 

(ll)  The  technical  reports  reviewed  were  identified  through  bibliogra¬ 
phies  requested  from  various  sources.  The  primary  bibliography  used  was 
obtained  from  the  Defense  Documentation  Tenter  (l)DC)  covering  a  time 
period  encompassing  the  past  23  years.  This  bibliography  cited  3Rb 
reports;  however,  only  A1  of  these  appeared  to  have  relevance  to  con¬ 
tract  objectives,  as  summarized  in  Table  I.  A  listing  of  these  specific 
reports  by  title  is  presented  in  Table  11. 

(ij)  To  complement  the  DDT  material  a  similar  report  bibliography  was 
obtained  through  North  American  Rockwell's  Technical  Information  Pro¬ 
cessing  System  (WAR-TIPS).  This  bibliography  cited  1()1  reports.  After 
correlation  with  the  DDT  bibliography  and  screening  for  relevance,  an 
additional  U~l  reports  were  identified  for  review.  These  are  listed  in 
Table  III.  A  category  and  relevance  summary  of  these  reports  is  also 
presented  in  Table  I. 


identifies  references  listed  at  end  of  report. 

**Mr.  Price  permitted  full  use  of  his  personal  files  in  regard  to  this 
survey.  His  assistance  is  gratefully  acknowledged. 
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Aerospace  Corporation,  Los  Angeles,  Calif., 
Volume  1 
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9 
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Volume  2 

CPIA 
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SUPPRESSION  DEVICE  APPLICATIONS 

(ll)  Results  of  the  survey  are  summarized  in  Table  IV  which  identifies 
the  motors  and  relevant  propellant,  design,  and  suppression  device  data 
applicable  to  each.  Results  of  the  survey  are  further  discussed  in  the 
ensuing  paragraphs  by  the  suppression  device  categories  previously  noted. 

RODS 

(U)  Included  in  this  category  are  those  devices  installed  in  the  grain 
perf oration(s )  that  are  characterized  by  a  large  length-to-transverse 
dimension  ratio  and  whose  transverse  dimensions  are  balanced  about  the 
longitudinal  centerline  and  are  relatively  small  compared  to  dimensions 
of  the  grain  perforation.  Thus,  the  so-called  resonance  paddles  are 
arbitrarily  excluded  from  this  category  and  included  under  the  category 
of  baffles. 

(u)  The  number  of  applications  of  resonance  rods  far  outnumber  the 
application  of  the  other  types  of  devices.  Of  the  59  instances  noted  in 
Table  IV,  49  have  involved  this  type  of  device.  As  far  as  can  be  ascer¬ 
tained,  the  instability  involved  has  been  in  the  transverse  modes.  Pre¬ 
sumably  the  rods  have  been  relatively  effective  in  the  applications 
cited. 

(U)  These  applications  have  involved  a  variety  of  installation  features. 
The  rods  have  been  both  cantilivered  from  one  end  and  supported  from  both 
ends  of  the  motor.  Various  rod  cross-sections  have  been  used;  including 
circular,  square,  rectangular,  cruciform,  and  "Z "  shapes.  Rods  have  been 
installed  both  partway  and  for  the  full  length  of  the  grain  perforation. 

(u)  Table  V  presents  a  summary  of  resonance  rods  applications  in  terms 
of  pertinent  motor  features.  As  can  be  noted  their  use  has  been,  with 
one  exception,  in  motors  with  double-base  propellant.  It  is  interesting 
to  note  that  they  have  been  successfully  used  with  a  wide  variety  of  grain 
designs.  Because  of  the  nature  of  the  double-base  propellants  involved 
in  these  motors  the  propellant  grains  have  been  cartridge  loaded  rather 
than  case  bonded. 

(U)  In  summary,  the  survey  indicates  that  resonance  rods  have  had  a  wide 
and  relatively  successful  application  in  the  suppression  of  transverse 
modes  of  instability.  Their  use  in  large  measure  has  been  based  on 
empirical  knowledge  gained  from  experience  rather  than  rational  design 
methods  based  on  a  fundamental  understanding  of  the  suppression  mecha¬ 
nism. 
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TAFLE  IV 

1BI>T10\  INSTABILITY  SUPPRESSION  DEVICES 


GRAIN 

tUMMUION  OlVICf 

orm3M*T,c*» 

trPf'*’ 

Dt  11  CM 

LOADING 

TYPE 

DESCRIPTION 

R(  MARK  S 

01 

AUf  MftL  T  1  TUftfS 

CARTRIDGE 

BOOS 

10 

Oft 

MULTlP|ftFORATfD 

C  Aft  TftlOOl 

RODS 

t 

Oft 

HOL  TIPf  PC ORATED 

CAftTftIDCI 

POOS 

u 

Oft 

ASSEMBLY  17  TUftE* 

C AftTftlDCf 

ROM 

RECTANGULAR  CROSS  SECTION  (U 

u 

Oft 

ASSEMBLY  7  TUftE  1 

CAftTftIDOf 

ROM 

nr 

Oft 

SiOTTfO  TUftl 

CAftTftlOCC 

BOO 

10 

Dft 

4  SPOCI  WACOM  WMCCL 

C  ARTRIDGC 

ROOS 

7 

Oft 

MUL  TIPf  ftp  OR  AT  f  0 

CAftTIIIDCC 

tool 

DC 

Oft 

SLOT  T CO  TUftf 

CARTftlOGI 

ft  00 

U 

Oft 

SLOTTIOCTL  CYL 

CARTRIDGE 

ftOO 

SUBSONIC  BLAST  TUBE 

hr 

Oft 

MOL  TIPf  ftF Oft  A  T  C 0 

CAftTIIIDCC 

ROOS 

to 

Dft 

MUL  TIPftft  FOft  AT  CO 

CARTRIDOC 

RODS 

10 

Oft 

MOL  TIPf  ft FOR AT  f  0 

CARTRIDGE 

ROOS 

to 

Oft 

MULTIPERFORATEO 

CARTRIDGE 

ROM 

m 

Oft 

SEOMCMTCD  CTL 

CARTRIDGE 

ROD 

to 

Dft 

MOL  TIPf  ftP  0*  A  TfD 

CARTRIDGE 

ROOS 

n  i  is 

Dft 

S-SPOCf  WACOM  WHEEL 

CARTRtOOE 

ROOS 

•F  AW4 

Dft/Dft 

DUAL  PftOPCLL AMT 

4-SPOWC  WAOOM  WMf  I L 

CARTRIDGE 

ROOS 

•or mi  1 1  'S  0*0/ jk  j 

Oft/Oft 

7  T  AMO CM 

SLOT T CO  TUftfS 

CARTRIDGE 

ROOS 

SUBSONIC  BLAST  TUBE 

•A  A  MM 

Oft  Oft 

ft  SPOCI  WACOM  WMC CL 

CARTRIDGE 

ROOS 

HQ' IlC 

Dft  Oft 

DUAL  PftOPCLL  AMT 
SLOTTED  TUX 

CARTRIDGE 

ROO 

SUBSONIC  BLAST  TUBE 

Dft 

SLOTTED  TUftf 

CARTRIDGE 

ROOS 

PLAT  ENO  CLOSURE  WITH  MUL  TINO/ZLCS 

* 

Oft 

4-SPOCf  WACOM  WHEEL 

CARTRIOGC 

ROOS 

fcft'AMH 

Oft/Dft 

MOO  1  POINT  STAR 

CARTRIDGE 

ROOS 

SQUARE  CROSS  SECTION  (*) 

»/AMM 

Oft  Oft 

OUAL  PftOPCLL  AMT 
ft  SPOWE  WACOM  WHEEL 

CARTRIDGE 

ROOS 

* 

Oft 

SLOTTED  TUftE 

CARTRIDGE 

ROO 

SUPERSONIC  BLAST  TUBE  j 

^CLC 

Oft/Oft 

SLOTTED  TUftf 

CARTRIOGC 

ROO 

f-SMJ 

AP/P  S 

»OD  AMO  TUftf 

CARTRIDGE 

ROOS 

SQUARE  CROSS  SECTION  (•) 

* 

Oft 

SLOTTED  TUftE 

CARTRIDGE 

ROO 

SUBSONIC  BLAST  TUBE 

ih/ANM 

Oft/Oft 

OUAL  PftOPCLL  AMT 
•  SPOCE  WACOM  WHEEL 

CARTRIDGE 

ROO 

ft/AMM 

AL  Oft/Dft 

OUAL  PROPELLANT 

MOO.  J-POtMT  ST >  ft 

CARTRIDGE 

ROOS 

PROPELLANT  ALUMINUM  CONTENT  S% 

► 

Dft 

MULTIPERFORATEO 

CANTRIOCf 

ROOS 

»  14 

Oft 

ft  POINT  STAR 

CARTRIDGE 

ROO 

CRUCIFORM  CRMS  SECTION 

• 

Oft 

INTERNAL  -  C  ITERMAL 

TUftE 

CARTRIDGE 

! 

ROO 

SQUARE  CROSS  SECTION 

HUSKS 

><%*7P/S 

Dft/Dft 

SLOTTED  TUftE 

CARTRIDGE 

ROO 

SUBSONIC  BLAST  TUBE 

NMISK4.  AKXMIS)  S. 

Dft/Dft 

SLOTTED  TUftf 

CARTRIDGE 

ROOS 

SUBSONIC  BLAST  TUBE 

Dft 

ft  POINT  STAft 

CARTRIDGE 

ROO 

Oft 

INTERNAL -EXTERNAL 

TUftf 

CARTRIDGE 

ROM 

p/AMH 

♦ 

AL  Oft.  01 

DUAL  PROPELLANT 

4400  2  POINT  STAR 

CARTRIOGC 

MOOS 

PROPELLANT  ALUMINUM  CONTENT  SB 

0* 

MULTIPERPORATED 

CARTRIDGE 

ROOS 

f 

Oft 

MULTIPERFORATEO 

CARTRIDGE 

ROOS 

Oft 

4  SPOCE  WACOM  WHEEl 

CARTRIOGC 

ROOS 

CRUCIFORM  CROSS  SECTION 

► 

Oft 

4  SPOCE  WACOM  WHEEL 

CARTRIDGE 

ROOS 

"I”  CROSS  SECTION 

Dft 

ASSCMftLV  7  TUftfS 

CARTRIDGE 

ROOS 

Oft 

MULT  IPERFORATED 

CARTRIOGC 

ROOS 

Dft 

MULTIPERFORATEO 

CARTRIDGE 

ROOS 

► 

Dft 

MULTIPERPORATED 

CARTRIDGE 

ROOS 

Dft 

ASSCMftLV  7  TUBES 

CARTRIOGC 

ROOS 

Dft 

ft  POINT  STAR 

CARTRIDGE 

ROO 

u 

AL  Dft 

SLOTTED  TUftE 

CASE  BONOCD, 

■APPLE 

LONGITUDINAL  PADOIE 

PROPELLANT  ALUMINUM  CONTENT.  7 

u 

AL  Dft 

SLOTTED  TUftE 

CASE  ftONOCO 

■APPLE 

LONGITUDINAL  PADDLE 

propellant  aluminum  content  7  n 

u 

AL  Dft 

SLOTTED  TUBE 

CASE  BONDED 

■APPLE 

LONGITUDINAL  PADDLE 

PROPELLANT  ALUMINUM  CONTENT.  7  t\ 

ii 

Dft 

SLOTTED  TUftf 

CARTRIOGC 

•APPLE 

LONGITUOINAL  PAOOLf 

WER  INSERTS 

M  7/  o*.*-  // 

CMDft 

SLOTTfO  TUBE 
two  Burner 

CASE  BONDED 

■APPLE 

K  m  ►v*.  mi 

f  TPft 

TUftl 

CASE  BONDED 

■APPLE 

TRANSVERSE  ORIFICE 

PROPELLANT  AL  CONTENT,  16%  AND  S% 

Po 

12  POlnf  Dt  MORI  T  f 

CASE  BONDED 

CAVITY 

ARRAY  UNTUNED 

HOLES  ON  AfT  CLOSURE 

J; 

CAVITY 

NELMMOWTZ  RESONATOR  l») 

Id-.*- 

'  ’Pft 

«*COM*Mff,  Tuftf 

CASE  BONDED 

CAVITY 

MF l MMOL T 7  RESONATOR 

PROPELL  ANT  ALUMINUM  fONTENT  14% 

» ,  W»  / 

*j»Dft 

V*  0»TI0  Tuftl 
»  «t/  PuftMl  ft 

CASE  BONDED 

CAVITY 

HELMHOLTZ  RESONATOR 

t.st  .*  K  w'iH.ji  Hk'HtOMtl  »(.I|  r»ll|«  m»fM|  AL  Oft  -  AL  UMINIZCO  DOUBl  F  BASE 
,,  .  «r,v«  »•.  «/•/*»  »  ft  A ‘,4  '  '**•»,»»  TtRMlNATID  POL  rftUTADIfNf  COMPOSITE 
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(l  )  TABLE  V 

SUMMARY  OF  RESONANCE  ROD  APPLICATIONS  AND 
MOTOR  DESIGN  FEATURES 


Total  Number  of  Applications — 49 

Feature 

Number  of  Instances 

Propellant  Type 

A P  Pol  yes ter -Styrene 

1 

Double  Base 

46 

Aluminized  Double  Base 

0 

1 

Grain  Configuration 

Multi  perf orated 

14 

Wagon  Wheel 

9 

Star 

6 

Slotted  Tube 

11 

Rod  and  Tube 

1 

Internal/External  Tube 

0 

Segmented  Cylinder 

1 

Multi  cylinder  Assembly 

5 

Grain  Loading  and  Retention 

Cartridge 

49 

BAFFLES 


(u)  This  category  encompasses  those  devires  that  project  into  the  inter¬ 
nal  flow  of  the  rocket  motor.  They  are  characterized  by  relatively  large 
plane  areas  that  can  be  placed  in  the  internal  flow  with  desired  orienta¬ 
tion  as  to  mean  flow  and  oscillatory  motion.  Applications  to  date  have 
included  both  longitudinally  and  transversely  oriented  baffles. 

(u)  The  number  of  application  of  baffles  in  solid  propellant  motors  are 
much  fewer  than  has  been  the  case  with  resonance  rods.  This  survey  has 
identified  six  instances  where  baffles  have  been  used.  Five  of  these 
involved  longitudinal  baffle  orientation,  with  the  other  being  a  trans¬ 
verse  installation. 

(IJ)  The  five  applications  of  longitudinal  baffles  are  identified  as 
Items  50,  51,  52,  53,  and  5A  in  Table  IV.  In  four  of  the  five  instances 
the  instability  was  primarily  in  the  transverse  modes.  The  baffles  used 
in  these  instances  were  presumably  generally  effective  in  suppressing 
the  instability.  The  first  three  pertain  to  the  VANGUARD  third-stage, 
Al.TAIR  I,  and  ANTARES  motors.  The  design  characteristics  of  these 
motors  are  similar.  The  grain  configuration  is  a  si otted-tube .  case- 
bonded  configuration  of  aluminized  double-base  propellant.  The  baffles 
in  each  were  similar  and  in  the  configuration  sometime  termed  a  resonance 
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(l  )  paddle.  The  installation  for  the  VANCilIARD  third-stage  motor  is  shown  in 
Fig.  1.  This  configuration  of  the  device  consists  basically  of  a  flat, 
rectangular  member  oriented  along  the  motor  axis  with  its  transverse 
dimension  nearly  as  large  as  the  initial  cylindrical  perforation  dia¬ 
meter.  This  rectangular  element  is  fixed  in  place  by  suitable  structural 
members  cantilevered  from  the  forward  head. 

(F)  The  fourth  applicat  ion  of  longitudinal  baffles  noted  (Ttem  53  of 
Tattle  TV)  involved  developmental  testing  in  the  DC -MAW  sustainer  motor. 
The  propellant  in  this  motor  is  double-base  and  configured,  also,  into  a 
slotted-tube  design.  Raffles  similar  to  those  just  described  and, 
alternately,  cast  into  the  grain  web  were  evaluated.  All  of  these 
approaches  were  effective  (lief.  5). 

(l1)  The  f  i  fth  appl  icat  ion  of  a  longitudinal  baffle  identified  was  rela¬ 
tively  recent  and  in  connection  with  an  evaluation  of  its  potential 
effectiveness  iri  suppression  of  oscillations  in  the  Minuteman  TTT,  Third 
Stage  M-57A1  motor  (Ttem  54  of  Table  TV).  The  applicat  i on  was  unique  i n 
that,  a  longitudinal  baffle  was  used  with  oscillations  predominately  in 
the  longitudinal  mode.  The  installation  is  shown  in  Fig.  2.  The 
effectiveness  of  the  baffle  in  the  single  test,  conducted  was  obscured  by 
other  test,  difficulties.  No  further  evaluation  has  apparently  been 
accomplished  (lief.  (>). 

(u)  The  only  instance  of  application  of  a  transverse  baffle  identified 
was  by  Rocketdvne  in  connection  with  suppression  of  longitudinal  mode 
instability  in  a  small,  tactical  dual-thrust  rocket  motor  (item  51  of 
Table  TV).  The  initial  installation  consisted  of  three  baffles,  each  in 
the  form  of  a  center-perforated  disc,  oriented  transversely  and  placed 
at  selected  locations  in  the  motor  as  shown  in  Fig.  5.  This  configura¬ 
tion  effectively  eliminated  the  severe  instability  present  in  this  motor. 
Subsequent  testing  has  demonstrated  equally  effective  suppression  by 
means  of  a  single  baffle  of  the  same  general  design. 

ACOUSTIC  CAVTTTFS 

(iJ)  Four  instances  of  application  of  acoustic  cavities  to  suppress 
oscillatory  combustion  have  been  identified.  Tn  all  cases  they  have  been 
used  to  suppress  instability  in  the  longitudinal  mode. 

(ij)  The  first  use  of  acoustic  cavities  noted  in  this  survey  was  in  con¬ 
nection  with  an  improved  version  of  the  A-A44A-1  motor  (item  56,  Table 
TV).  The  suppressor  used  here  was  an  untuned  configuration  consisting  of 
several  hundred  small  blind  holes  with  axes  parallel  to  the  motor 
centerline  placed  in  the  aft  closure  insulation.  Although  the  oscilla¬ 
tions  were  not  completely  suppressed  the  amplitudes  were  reduced  to  about 
85’  of  their  former  levels  (Ref.  7). 


■Emn 


Rocketdyn« 

North  American  Rockwell 


lONFJIMTiai 


Rocketdyne 

North  American  Rockwell 


iiiiiN[iurflH[ii 


iisinsmrfl— 


Rocketdyne 

North  American  Rockwell 


(l’)  The  last  three  applications  (items  ^7 ,  '38,  and  59  of  Table  TV)  of 
cavities  noted  have  been  relatively  recent..  These  have  all  involved  the 
use  of  Helmholtz  resonators.  One  of  these  is  the  Advanced  SPARROW  (tfk 
5S)  motor;  but  it  has  not  been  possible  to  develop  the  details  of  this 
installation  and  its  effectiveness.  The  use  of  a  Helmholtz  resonator  in 
a  small  tactical  motor  ha°  been  previously  reported  by  Rocketdyne  (Ref. 
8).  This  installation  is  shown  in  Fig.  A.  Although  combustion  oscilla¬ 
tions  were  not  completely  suppressed,  the  severe  instability  present  in 
the  motor  resulting  in  unpredictable  increases  in  mean  pressure  and 
thrust  levels  was  eliminated  and  the  amplitude  of  the  residual  oscilla¬ 
tions  were  less  than  10$  of  previous  levels.  The  third  use  of  a  Helm¬ 
holtz  resonator  was  in  connection  with  the  third  stage  motor  (VI-5?Al)  of 
Minuteman  Til  (lief.  (>).  Tn  this  motor  the  suppressor  was  integrated  with 
the  igniter  on  the  aft  motor  closure  as  shown  in  Fig.  5.  The  effective¬ 
ness  of  the  resonator  was  not  as  good  as  anticipated.  However,  because 
of  the  complicated  grain  perforation,  the  resulting  mode  shape,  and  the 
physical  restraints  associated  with  orientation  of  the  resonator  the 
location  of  the  resonator  apertures  was  not  optimum  relative  to  the 
pressure  antinode.  This  fact,  undoubtedly  was  significant  in  regard  to 
unsatisfactory  suppression  performance  obtained. 
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si'mmahy  and  conclusions 


(!)  Tins  survey  has  defined  numerous  applications  of  mechanical  sup¬ 
pression  devices  in  solid  rocket  motors.  Instances  where  resonance 
rods  have  horn  used  far  outnumber  the  applications  of  the  other  types  of 
devices  (baffles  and  acoustic  cavities).  Although  the  basis  for  their 
use  has  been  largely  empirical,  resonance  rods  have  proven  to  he  gener¬ 
al  1\  effect  i  ve  in  suppression  of  high-frequency,  transverse , osc  i  1 1  a t i on 
modes . 

(!')  Early  application  of  longitudinally  oriented  baffles  (in  the  so- 
called  "paddle"  configuration)  apparently  evolved  from  the  resonance  rod 
usage .  \s  with  resonance  rods,  the  design  and  installation  of  these 
devices  has  been  on  an  empirical  basis.  The  number  of  such  applications 
is  relatively  limited  but  they  have  evidently  been  effective  in  signi¬ 
ficantly  stabilizing  transverse  modes.  Instances  where  the  longitudi¬ 
nally  placed  baffle  has  been  evaluated  with  regard  to  suppressing  axial 
mode  oscillations  have  not  met  with  success.  On  the  other  hand,  instan¬ 
ces  of  use  of  a  transversely  oriented  baffle  have  indicated  effective 
suppression  of  axial  mode  oscillations. 

( IT )  Applications  of  acoustic  cavities  to  suppress  solid  rocket  combus¬ 
tion  instability  are  fewer  even  than  was  the  case  with  baffles.  In  all 
instances  found  their  use  has  been  in  connec t i on  wi th  axial  mode  insta¬ 
bility.  Early  use  involved  untuned  cavities  whose  configuration  was 
determined  empirically.  Even  so.  effective  suppression  was  indicated  in 
one  instance. 

(I  )  Recent  use  of  acoustic  cavities  has  involved  tuned  Helmholtz  resona¬ 
tors.  During  the  very  limited  activity  on!v  moderate  success  has  beet: 
achieved  in  suppressing  oscillations;  however,  there  are  indications  that 
potentially  this  type  of  device  can  be  effectively  used.  The  designs  of 
these  acoustic  cavities  have  been  based  on  more  substantial  theoretical 
analyses  than  have  the  other  types  of  devices.  This  is  due  in  large 
measure  to  the  recent  advances  made  with  regard  to  instability  suppres¬ 
sion  in  liquid  rocket  engines. 

(I!)  This  survey  has  clearly  indicated  that  mechanical  suppression 
devices  have  been  effectively  used  to  suppress  solid  rocket  combustion 
instability.  However,  it  also  clearly  indicates  that  these  applications 
have  been  based  on  empirical  knowledge  and  experience  and  that  each  type 
of  device  has  limits  of  application  in  terms  of  the  characteristics  of 
the  motor  involved  and  the  instability  to  be  suppressed.  It  is  evident 
that  improved  design  criteria  being  evolved  in  this  contract  will  be 
extremely  valuable  to  more  efficient  utilization  of  mechanical  suppres- 
s i on  devi ces  . 
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